Epidemiologic evidence regarding the influence of maternal obesity on the risk of oral clefts is inconsistent. It is unknown whether increases in maternal weight before pregnancy are related to the risk of these malformations. The authors conducted a population-based cohort study in Sweden among 220,328 women who had their first two pregnancies between 1992 and 2004. The risk of oral clefts during the second pregnancy was estimated in relation to maternal change in body mass index (BMI; weight (kg)/height (m) 2 ) from the beginning of the first pregnancy to the beginning of the second pregnancy. Among women whose second-pregnancy BMI was !3 units higher than their first-pregnancy BMI, the adjusted risk of isolated cleft palate was 2.3 times higher (95% confidence interval: 1.4, 4.0) as compared with women whose BMI did not change substantially. BMI change was not related to the risk of cleft lip. Unexpectedly, the birth prevalence of isolated cleft palate per 1,000 livebirths increased linearly with the length of the interpregnancy interval, from 0.3 in women with intervals of <12 months to 0.9 in women with intervals of !48 months (adjusted p for trend ¼ 0.002). High prepregnancy maternal weight gain and long interpregnancy intervals appear to be associated with increased risk of cleft palate. birth intervals; body mass index; cleft lip; cleft palate; obesity; pregnancy Abbreviations: BMI, body mass index; CI, confidence interval; CL þ CLP, cleft lip with or without cleft palate; CP, cleft palate; ICD, International Classification of Diseases; SD, standard deviation.
Oral clefts, including cleft palate and cleft lip with or without cleft palate, are major birth defects that occur in 1-2 livebirths per 1,000 (1) . These defects place significant physical and psychological burdens on affected children, who must undergo multiple therapeutic interventions, often including repeated surgeries. Identification of preventable causes of such defects is therefore a research priority (2) .
Some maternal nutritional factors, including suboptimal intake of folate (3) and other micronutrients (4), have been identified as potentially preventable causes of oral clefts. Prepregnancy maternal obesity has also emerged as a possible risk factor for oral clefts in some studies (1, 5, 6) but not in others (7) (8) (9) . Considering the alarming increase in the prevalence of overweight and obesity among women of childbearing age worldwide (10) (11) (12) (13) , it is important to clarify the potential role of maternal obesity in the etiology of oral clefts. Previous studies have examined the risk of oral clefts in relation to maternal obesity measured around or after conception. However, it is unknown whether weight change before pregnancy could influence the risk of these malformations.
We conducted a nationwide study on successive pregnancies in Sweden to investigate whether changes in maternal body mass index (BMI) from the beginning of the first pregnancy to the beginning of the second pregnancy were associated with risk of oral cleft defects in the second pregnancy.
MATERIALS AND METHODS
We conducted a population-based cohort study among 300,510 women who had their first two consecutive singleton births between 1992 and 2004 as recorded in the Swedish Medical Birth Registry. Seventy-four percent (n ¼ 220,994) of the women had available data on weight and height at the first antenatal care visit of both pregnancies and were included for analyses. In Sweden, weight is measured at the first antenatal care visit, and height is usually self-reported unless the woman is uncertain about it, in which case it is measured. Women with and without anthropometric data did not differ substantially in terms of age, country of origin, educational level, smoking, or interpregnancy interval, which was calculated as the number of complete months between the birth of the first child and the estimated date of conception of the second child. Pregestational diabetes was more frequent in women who lacked anthropometric data (0.54 percent) than in women who were included (0.34 percent) in the analysis. There were no substantial differences in the rates of gestational diabetes, preeclampsia, stillbirth, cleft malformations, or other major malformations between the two groups.
We excluded 79 women with implausible values for weight and 587 women who had a stillbirth during the second pregnancy, since diagnoses (including clefts and other congenital malformations) are not recorded for stillbirths in the Swedish Medical Birth Registry. Thus, the final sample size was 220,328. We calculated prepregnancy BMI as weight (kg)/height (m) 2 and estimated interpregnancy change as the difference between BMIs at the first antenatal care visits of the second and first pregnancies. This difference was categorized as less than À1 (BMI decline of >1), À1 to <1, 1 to <2, 2 to <3, or !3 units. We retrieved information on smoking, sociodemographic characteristics, and the outcomes of both pregnancies, including the occurrence of major pregnancy and obstetric complications, from the Swedish Birth and Education registries.
The endpoints considered were oral cleft malformations as recorded in the Swedish Medical Birth Registry, following the Swedish versions of the International Classification of Diseases, Ninth and Tenth revisions (ICD-9 and ICD-10, respectively). These included cleft palate (CP) alone (ICD-9 code 749A, ICD-10 code Q35) and cleft lip with or without cleft palate (CL þ CLP; ICD-9 codes 749B and 749C, ICD-10 codes Q36 and Q37). CP and CL þ CLP are considered two distinct conditions from an etiologic standpoint (14) . We also identified infants with other major malformations or chromosome anomalies in the Registry, and we considered each oral cleft outcome to be isolated when it was not associated with other malformations or chromosome anomalies.
We compared the birth prevalences of oral clefts during the second pregnancy according to ordinal categories of interpregnancy BMI change with the Cochran-Armitage test. Next, we estimated adjusted odds ratios and 95 percent confidence intervals using multivariate logistic regression. Odds ratios from these models were adjusted for characteristics that predict interpregnancy BMI change, including maternal country of origin and height; first pregnancy characteristics, including maternal BMI, age, and years of education; obstetric or perinatal complications, including preeclampsia, gestational diabetes, preterm delivery, smallor large-for-gestational-age birth, stillbirth, and infant death; and interpregnancy interval (15) . The odds ratios were also adjusted for potential risk factors for cleft malformations, including other major congenital malformations diagnosed at the first pregnancy, paternal age at the first pregnancy (16) , year of delivery, smoking (17) , and pregestational diabetes (18) at the second pregnancy. Women whose firstborns had oral cleft malformations were excluded from analyses, since they could have had predisposing factors that increased their risk of recurrence. All analyses were conducted with SAS software, version 9 (SAS Institute, Inc., Cary, North Carolina).
The study protocol was approved by the research ethics committee at the Karolinska Institutet.
RESULTS
Mean BMI at first pregnancy was 23.4 (standard deviation (SD), 3.7; median, 22.7). The distribution of BMI at first pregnancy was as follows: <18. Prevalences of clefts per 1,000 livebirths in the second pregnancy among women without cleft-affected births in the first pregnancy were as follows: total CP, 0.58; isolated CP, 0.48; total CL þ CLP, 0.91; and isolated CL þ CLP, 0.87. In univariate analyses, the prevalence of CP was positively related to increasing maternal age (p for trend ¼ 0.01) and paternal age (p for trend ¼ 0.03). CL þ CLP was more frequent in Nordic women than in non-Nordic women (table 1) .
The adjusted odds for both isolated CP and all CP were 2.3 times higher in women who gained at least 3 BMI units between pregnancies, as compared with women whose BMIs changed between À1 and <1 units (table 2) . There was no strong evidence of dose-response associations between weight change and isolated CP or total CP. Change in BMI was not associated with CL þ CLP (table 3) .
We conducted supplemental analyses to examine whether the association between interpregnancy weight gain and CP could be modified by baseline BMI. There was no evidence of effect modification: For the comparison of BMI change !3 with BMI change between À1 and <1, the adjusted odds ratios for isolated CP were 2.41 (95 percent confidence interval (CI): 1.28, 4.54) among women with BMI <25 at the first pregnancy and 2.40 (95 percent CI: 0.83, 6.96) among women with BMI !25 at the first pregnancy (adjusted p for interaction ¼ 0.99).
Unexpectedly, we found a positive, significant association between the length of the interpregnancy interval and CP. The prevalence of CP increased with each elapsed year 
DISCUSSION
We found that a large prepregnancy gain in maternal BMI (!3 units) was associated with significantly increased risk of CP but not CL þ CLP. An increase of 3 BMI units would be equivalent to a gain of 8 kg (17.6 pounds) for an . y A total of 137 women whose babies had cleft palate in the first pregnancy were excluded. z Odds ratios from logistic regression models for each outcome, adjusted for mother's country of origin (non-Nordic or Nordic, with Nordic as the reference group); height (160-164.9, 165-169.9, or !170 cm, with <160 as the reference group); baseline (first pregnancy) characteristics, including body mass index (<18.5, 25-29.9, or !30, with 18.5-24.9 as the reference group), maternal age (<20, 25-29, or !30 years, with 20-24 years as the reference group), paternal age (<25, 30-34, or !35 years or missing data, with 25-29 years as the reference group), and mother's years of education (<10, 12, 13-14, or !15, with 10-11 as the reference group); complications at first pregnancy, including preeclampsia, gestational diabetes, preterm delivery, small-or large-for-gestational-age birth (birth weight 2 standard deviations below or above the mean weight for gestational age according to the Swedish reference for fetal growth (39)), stillbirth, or infant death; interpregnancy interval (12-23, 24-35, 36-47, or !48 months, with <12 months as the reference group); and characteristics at the second pregnancy, including year of delivery (2-year periods), smoking (1-9 or !10 cigarettes/day, with 0 as the reference group), and pregestational diabetes.
§ OR, odds ratio; CI, confidence interval. { For birth prevalences, from the Cochran-Armitage test. For the odds ratio, the test for trend corresponds to the Wald test for change in body mass index when the ordinal variable was introduced into the logistic regression model as a continuous predictor. . y A total of 202 women whose babies had cleft palate in the first pregnancy were excluded. z Odds ratios from logistic regression models for each outcome, adjusted for mother's country of origin; height; baseline (first pregnancy) characteristics, including body mass index, maternal age, paternal age, and mother's years of education; complications at first pregnancy, including preeclampsia, gestational diabetes, preterm delivery, small-or large-for-gestational-age birth, stillbirth, or infant death; interpregnancy interval; and characteristics at the second pregnancy, including year of delivery, smoking, and pregestational diabetes (see (9) found a marginally significant 27 percent increase in the risk of isolated CP among obese women (BMI !30) as compared with women of normal BMI but a lack of association between maternal obesity and CL þ CLP. Our results suggest that a positive weight balance between pregnancies, rather than obesity per se, could be associated with increased risk of CP. This association was observed even in women who did not necessarily become obese.
The biologic mechanisms underlying the association between weight gain and CP are not well understood. Undiagnosed type 2 diabetes could be one of them, since insulin resistance and glucose intolerance have been related to congenital malformations in animal and human studies (19) . Specific dietary changes that accompany prepregnancy weight gain could also play a role; experiments in mice indicate that increased fat intake appeared to boost the birth prevalence of CP induced by triamcinolone (20) . In addition, dietary patterns associated with weight gain leading to obesity are typically poor in folate and other micronutrients (21) , marginal intakes of which have been implicated in the etiology of oral clefts.
One limitation of our study is that we lacked information on intake of vitamin supplements, which might have confounded the association between prepregnancy weight gain and CP. However, in other populations, the association between obesity and oral clefts has been independent of maternal intake of vitamin supplements (9) . Another potential limitation is that we lacked data on cleft defects in stillbirths. If clefts were more prevalent in stillbirths than in livebirths, exclusion of stillbirths could arguably have biased the association between interpregnancy weight gain and clefts. However, given that interpregnancy weight gain is associated with increased risk of stillbirth (15) , the underlying association between weight gain and clefts would actually be stronger than observed. In addition, stillbirths with cleft malformations are likely to represent fetuses that also had other major congenital defects rather than fetuses with isolated cleft defects. In Norway, for example, the proportion of isolated CP among stillbirths (44 percent) was much lower than that among all births (69 percent) (22) . While our estimate of non-isolated clefts (1.0/1,000) was lower than that in Norway (2.4/1,000) following our exclusion of stillbirths, the estimate of isolated clefts in our study (4.8/1,000) was very close to the Norwegian estimate (5.3/1,000). Hence, while exclusion of stillbirths could affect estimates of total clefts, it should not considerably bias estimates of isolated clefts.
Our estimate of the birth prevalence of total clefts (1.5/1,000) was also slightly lower than the 1.7/1,000 previously reported in Sweden by Cedergren and Källén (1) . One possible explanation is that these authors used the Swedish Birth Registry, the Swedish Registry of Congenital Malformations, and the Hospital Discharge Registry as data sources for clefts, whereas we used only the Swedish Birth Registry, in which a small proportion of malformations is not recorded (23, 24) . In consequence, some births of children * A total of 137 women whose babies had cleft palate in the first pregnancy were excluded. y Odds ratios from logistic regression models for each outcome, adjusted for mother's country of origin; height; baseline (first pregnancy) characteristics, including body mass index, maternal age, paternal age, and mother's years of education; complications at first pregnancy, including preeclampsia, gestational diabetes, preterm delivery, small-or large-for-gestational-age birth, stillbirth, or infant death; interpregnancy change in body mass index; and characteristics at the second pregnancy, including year of delivery, smoking, and pregestational diabetes (see table 2 footnotes for details).
z OR, odds ratio; CI, confidence interval. § For birth prevalences, from the Cochran-Armitage test. For the odds ratio, the test for trend corresponds to the Wald test for change in body mass index when the ordinal variable was introduced into the logistic regression model as a continuous predictor.
with clefts may have been misclassified as normal births in our study. This misclassification is unlikely to have biased our estimates of association, since it was not expected to have been differential with respect to interpregnancy weight change.
An additional potential limitation is that we lacked information on week of gestation at the first prenatal care visit, and the estimate of interpregnancy weight change does not account for pregnancy-related weight gain prior to the first prenatal care visit. Nevertheless, 93-95 percent of women in Sweden attend their first prenatal care visit before gestational week 15 (25, 26) , and first-trimester weight gain is not substantial. Studies of well-nourished women who were recruited before becoming pregnant have indicated weight gains of approximately 1 kg (2.2 pounds) by gestation week 9 (27) and 2.3 kg (5.1 pounds) by week 13 (28); therefore, major bias due to the estimate of interpregnancy weight change is unlikely.
Finally, we could not differentiate how much of the interpregnancy weight gain corresponded to postpartum weight retention after the first pregnancy as opposed to weight gain between pregnancies. Long-term longitudinal studies suggest that postpartum weight retention during the first year after delivery substantially increases the risk of weight gain after 10-15 years (29, 30) . In addition, only 60 percent of normal-weight women return to within 1.5 kg (3.3 pounds) of their prepregnancy weight by 1 year postpartum (31); thus, postpartum weight retention after the first delivery may be a greater component of interpregnancy weight gain than actual weight gain between pregnancies.
It is conceivable that weight gain between pregnancies could be protective against adverse outcomes that are associated with maternal underweight, such as spontaneous preterm birth (32, 33) . A potential beneficial effect of weight gain on preterm birth among underweight women would probably outweigh the potential risk of cleft palate. The prevalence of maternal underweight (BMI < 18.5) at first pregnancy in our population was low. Investigators in future studies should examine the potential impact of prepregnancy weight gain on pregnancy outcomes among underweight women in populations with higher prevalences of maternal malnutrition.
We unexpectedly found a strong, linear association between interpregnancy interval and the birth prevalence of CP that was independent of parental age, complications of the first pregnancy, and other variables that have been found to influence time to next pregnancy (34) . Unrecognized miscarriages could make the interpregnancy interval appear spuriously long, and the association between interpregnancy interval and birth defects could be biased if these losses are accompanied by malformations. Complex malformations that result in losses, however, would be more likely to affect the birth prevalence of non-isolated clefts than the birth prevalence of isolated clefts; thus, our observed associations between interpregnancy interval and the latter are unlikely to have been compromised by this potential bias. Long interpregnancy intervals may indicate maternal subfertility, which has been previously associated with defects of the urinary tract (35, 36) ; notwithstanding, a previous study in Sweden did not find an increased birth prevalence of orofacial clefts following infertility treatment (37) . Longer interpregnancy intervals could also indicate paternity change, but existing evidence does not support increased risk of recurrent clefts associated with change in paternity (38) . Confirmation of our observation in other study populations is required.
In conclusion, in this study, high prepregnancy maternal weight gain and long interpregnancy intervals were associated with increased risk of CP.
